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Over the past 50 years, the U.S. Environmental Protection Agency (EPA)
and other governmental organizations have developed regulations to decrease
the population's exposure to lead, which is a potent neurotoxin with no con-
ﬁrmed threshold dose. However, as recent events in Flint, Michigan and
other areas have demonstrated, lead exposure through drinking water is still
a prominent concern. Lead adversely impacts health when consumed through
drinking water, but no research has yet been done to investigate the relation-
ship between human health outcomes and exposure to lead in drinking water
from private wells. Private wells are not covered by the Safe Drinking Water
Act, and private well water consumption could lead to increased exposure
to lead and other heavy metals. To better understand this relationship, we
conducted a study to determine the relationship between lead contamination
in private wells in North Carolina and children's blood lead levels (BLLs).
Blood lead samples were collected from 23 children relying on private wells in
Orange, Wake, and Chatham Counties as of this time, along with water and
dust samples from their respective households. We have found that (1) 14%
of households have lead in at least one water sample that exceeded the EPA
action level of 15 parts per billion, (2) BLLs were all below the Centers for
Disease Control's action level of 5 μg/dL, and (3) the model currently used to
predict children's blood lead from environmental lead appears to over-predict
blood lead concentrations. This study is the ﬁrst of its kind to investigate the
health risks to children of drinking private well water that is contaminated
with lead.
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1 Introduction
Lead is a known toxicant with no safe level of exposure [18]. Exposure to lead is commonly
measured using blood lead levels as a biomarker [17]. Children under the age of 6
are still developing and especially vulnerable to lead exposure since they absorb more
ingested lead than adults do, which can result in IQ decreases and other neurological
eﬀects[5, 6, 7, 8, 9]. As a result, the Centers for Disease Control (CDC) recently lowered
the elevated blood lead reference level to 5 µg/dL in 2012. However, previous research
has indicated that even blood lead levels below this reference level are associated with
decreases in IQ during early childhood[6, 7].
Lead exposure in the United States has decreased signiﬁcantly since the ban of lead use
in gasoline and paint[1]. As a result, mean blood levels have continuously decreased from
1.65 to 0.83 micrograms per deciliter between 1999 and 2014 in the United States[25]. In
recent years, much of the literature has found that the major source of lead exposure in
children comes from dust and paint chips [2, 3, 4, 5]. However, as recent events in Flint,
Michigan have shown, lead exposure through water is still a very prominent concern.
This is particularly concerning for people who rely on private water systems as their
primary source of drinking water. Private water systems, such as private wells, are
deﬁned as nonpublic systems which service fewer than 25 people daily at least 60 days
of the year, or that have fewer than 15 service connections[11]. These water systems
are used as the primary drinking water source for approximately 14% of the United
States population [12]. North Carolina in particular has over 2.4 million people that
rely on private wells[15]. This is important since the Safe Drinking Water Act does
not regulate water quality in private water systems and does not require water testing
for private well owners [12]. North Carolina requires that all private wells constructed
since 2008 must be tested for bacterial and chemical contaminants within 30 days of well
construction completion, but these are the only tests that are required[51]. Previous
research conducted on North Carolina private wells in Wake County has found elevated
lead in 28% of houses served by private wells [19].
To our knowledge, no studies have analyzed the correlations between lead-contaminated
private well water and measured blood lead in the United States. Previously conducted
studies have looked at the relationship between lead in community water supplies and
children's blood lead levels [9, 10, 27]. However, it is diﬃcult to extrapolate relationships
found from many of these studies due to diﬀerences in sample population, background
lead exposure, water consumption and water-drawing behaviors, etc.
Consequently, estimates of the health impacts of lead in water generally use the U.S.
Environmental Protection Agency's Integrated Uptake Biokinetic (IEUBK) Model [9].
The IEUBK Model is a pharmacokinetic model designed to predict blood lead levels for
children under age seven by modeling the distribution of lead through body tissues and
ﬂuids inﬂuenced by exposure to lead from diﬀerent exposure pathways (air, water, soil,
dust, diet, and paint) [14]. This allows researchers to not only simulate lead exposure
and predict the resulting blood lead levels, but also to account for missing or incomplete
data. The IEUBK model is among the most frequently used models for predicting the
eﬀects of environmental lead exposure on children's blood lead.
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The objectives of this research project are to characterize the relationship between lead
in private well water and lead in children's blood through (1) literature review, (2) ﬁeld
study of the relationship between children's blood lead and water lead for children under
age 7 that drink water from private wells, and (3) assessment of the IEUBK Model's
accuracy on the basis of ﬁeld study results.
2 Methods
2.1 Objective 1: Systematic Literature Review
A systematic literature review of the association between lead in water and lead in
blood was conducted according to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines[42]. The review protocol was registered with
PROSPERO (registration number CRD42017058717).
2.1.1 Search Strategy
Papers were systematically searched for using Google Scholar, Jama Network, and Pubmed.
Medical subject headings were also used to search the National Center for Biotechnology
Information's database (Table 1). Other search strings returned high rates of duplicate
results, and thus were not utilized in the search process. Additional papers from non-
database sources were found by searching through the citations of the previously found
studies, as well as by ﬁnding papers that referenced them.
Table 1: Search Strings and Results
Search Strings Results
(Pb OR Lead) AND Water AND
Blood
4
Blood in Water AND Blood in
Lead
6
("blood"[Subheading] OR
"blood"[All Fields] OR
"blood"[MeSH Terms]) AND
("lead"[MeSH Terms] OR
"lead"[All Fields]) AND levels[All
Fields] AND water AND
contamination AND health Filters:
Abstract)
1
Blood Lead Levels AND Water 3
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2.1.2 Inclusion Criteria and Study Selection
In order to qualify for this systematic literature review, papers must have been published
after 1997. This is the year in which systems were mandated to fully comply with the
Lead and Copper Rule and `install optimal corrosion control treatment' [40]. Papers
must have also assessed the relationship between the concentration of lead in drinking
water and the concentration of lead in blood. This includes papers that assess water as
a source of lead exposure in conjunction with other sources. Papers must have focused
on humans.
One reviewer conducted an abstract and text screen for all studies found in order to
assess their eligibility for the systematic literature review.
2.2 Objective 2: Field Study of Lead in Water, Dust, and Blood
2.2.1 Sample Population
Households included in the ﬁeld study (1) obtained their drinking water from a private
well, (2) did not use any type of household water treatment system, (3) lived in a structure
with no more than two units, (4) lived at their current residence for at least one year,
and (5) had a healthy child under age 7 who was born in the United States, regularly
drank the tap water, and did not regularly spend more than two days per week away from
home. One child was randomly selected if there was more than one eligible child in the
household. These households were recruited through various means: calling and sending
recruiting letters to households from a list of private well owners, recruiting friends and
neighbors of previously enrolled research participants, creating a website for potential
participants to visit, and marketing the study through a radio advertisement and news
releases and ﬂiers that were sent to day cares, churches, schools, and local health clinics.
Informed consent was obtained from the parent of each child. Upon completion of the
visit, each household received a $75 gift card for participation. A total of 23 households
were recruited.
2.2.2 Data Collection
A research team went to each household to collect water and dust samples while a
trained phlebotomist collected two venous blood samples from the child. A researcher
administered a questionnaire to the child's primary caregiver; the questionnaire included
demographic questions on the child's age, weight, race and ethnicity, as well as questions
about relevant environmental exposures in the home (e.g. smoker present in the house-
hold), and other relevant household and child behavioral characteristics. This survey
was administered through the use of the mWater Surveyor app (Android-version 12.0.1),
which enables researchers to record survey responses by using their phone as a mobile
data collection tool [52]. Identiﬁable personal data were automatically anonymized for
data security. Collected data were uploaded to a secure database and deleted oﬀ of the
smartphone in which the survey answers were recorded.
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2.2.3 Water Sampling and Analysis
During each visit, households were provided with two 500 mL sample bottles pre-acidiﬁed
with TraceMetal Grade nitric acid (Fisher Scientiﬁc, Lenexa, KS). Instructions were
also given for collecting two ﬁrst-draw samples from the kitchen tap after a stagnation
period of at least 6 hours. A research member revisited the household the next morning
to retrieve the water samples. Temperature, conductivity and pH were also analyzed
at the tap during the initial visit using a Hanna Instruments, Model HI98130 Combo
pH/Conductivity/TDS Tester (Hanna Instruments, Woonsocket, RI).
Lead and other heavy metals of interest were analyzed via inductively coupled plasma
mass spectrometry using EPA Method 200.8 in the Metals Analysis Lab at RTI Interna-
tional ( 3040 East Cornwallis Road, P.O. Box 12194 Research Triangle Park, NC 27709)
[37].
2.2.4 Dust Sampling and Analysis
Five dust samples were collected with a Ghost Wipe (Environmental Express, Charleston,
South Carolina) in areas of the household most frequented by the child: entryway ﬂoor,
ﬂoor in a room the child uses most often, ﬂoor in the child's bedroom, windowsill in
the child's bedroom, and window trough in the child's bedroom. Each ﬂoor sample was
collected from a one meter by one meter square area of a non-carpeted ﬂoor surface as
described by Levallois et al. [33]. If the ﬂoor was carpeted, no sample was collected at
that location.
These dust samples were analyzed via inductively coupled plasma mass spectrometry
using procedures used to support the American Industrial Hygiene Association's envi-
ronmental lead program at RTI International [38].
2.2.5 Blood Sampling and Analysis
A trained phlebotomist drew two venous blood samples (between 5-6 mL each) from the
child's arm into 6.0 mL BD Vacutainer K2 EDTA 10.8 mg tubes. These tubes were
inverted 8 times and placed into a sample rack on ice. The samples were on ice for less
than three hours before refridgeration at -20 °C. All samples were analyzed within 30
days of collection.
Blood samples were analyzed via inductively coupled plasma mass spectrometry using
published laboratory procedures at RTI International[20].
2.2.6 Statistical Analysis
A cumulative water lead exposure index (CWLEI) for each child was computed as de-
scribed by Ngueta et al. [39]. This represents the cumulative lead exposure through
drinking water in the 150 days prior to blood sample collection, which is the time period
required for lead to reach steady-state in the body after repeated exposure [53]. The
CWLEI is estimated as follows:
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CWLEI = QE × 0.50×
n=150∑
i=0
WLLi × e−(ln (2))/30×(n−i)
where QE is the daily tap water intake in liters, n is the number of days considered
for cumulative exposure, and WLLi is the water lead level at time i. Tap water intake
was calculated by multiplying water intake parameters used in the IEUBK Model (Table
S1) by the percent of time the child was reported drinking tap water. Child blood lead
and plasma lead concentration (µg/dL) were then modeled using ordinary least squares
as a function of normalized CWLEI (µg lead exposure through water/body weight in
kilograms), dust lead (µg/ft2), and age and gender of the child:
ln(BLL) = b0 +
CWLEI
BW
× b1 + ln(DL)× b2 +A× b3 +G× b4
where b0, b1...bn are regression coeﬃcients, DL is dust lead, and A and G are age group
(1-4 or 4-7) and gender of the child. Sample values that were below the limit of detection
(LOD) were replaced with half of the LOD value (Table 2). Observations were considered
outliers and removed if they were more than 3 standard deviations away from the mean.
Table 2: Selected Limit of Detection Values
Sample Limit of Detection
Dust 80 ng/wipe
Water 0.2 µg/L
Blood 0.4 µg/dL
2.2.7 Bivariate Analysis of Factors Inﬂuencing Blood Lead
Geometric means of blood lead levels were calculated for select variables. For dichoto-
mous variables, Student's t-test was used to compare the geometric means across diﬀerent
variable levels. For variables with three or more categories, analysis of variance (ANOVA)
was used.
2.3 Objective 3: Validation of IEUBK Model on the Basis of Field Study
Results
The measured water lead and lead loading levels were used in the IEUBKModel (Windows-
version 1.1, build 11). Although dust lead is shown to be associated with blood lead,
the IEUBK Model only accepts dust lead concentration (amount of lead in dust / dust
loading) as an input parameter [22]. Dust sampling methods that use pre-moistened
wipes cannot adequately collect dust loading data that can be used to calculate lead
concentration[22]. However, Adgate et al. previously compiled descriptive statistics for
dust samples collected in 216 homes and found that window sill dust loading values fol-
lowed a log-normal distribution while ﬂoor dust loading values were improved by log
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transformation [21]. As a result, three values of lead concentration in dust were calcu-
lated for each household using the 5th, 50th, and 95th percentile dust loading values
respectively. The IEUBK Model was then run three separate times using these lead
concentration values to give a potential range for each blood lead prediction.
Background values of exposure to lead from soil and diet were adapted from Deshommes
et al. (2013) [26]. The background value for lead concentration in air was the median lead
concentration value from the EPA's Hazardous Air Pollutants Monitor Values Report[43].
Other parameters used in the IEUBK model include intake and absorption values for var-
ious media (water, soil, dust) and pathways (diet, lungs), behavioral factors (e.g. time
spent outdoors), and environmental factors (ventilation rate). Speciﬁc values can be
found in the supplementary information (Table S1).
The IEUBK model was also run by zeroing out all sources of environmental lead that
were not directly measured (e.g. maternal blood lead, dietary lead, soil lead, etc.) to see
if the discrepancy between measured blood lead values and blood level predictions from
the model would decrease.
3 Results
3.1 Objective 1: Systematic Literature Review Results
In total, 17 papers were found that met the inclusion criteria (Figure 1).
Eleven papers measured both water lead and blood, and all 11 concluded that water
lead levels were signiﬁcantly associated with blood lead levels (Table 3). However, only
one study considered well water as an exposure source. Bodeau-Liviniec conducted a
study on mothers and oﬀspring aged 1-2 years in Allada, Benin and found a statistically
signiﬁcant association in mothers only [23].
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Figure 1: Results of the Literature Review Process
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Table 3: Characteristics of 11 Studies Directly Measuring Water Lead Levels and Blood
Lead Levels
Location Sample
Population (size
if reported)
Water Supply Years
Conducted
Reference
Allada, Benin Mothers (225) and
oﬀspring (685)
aged 1-2 years
Private Well 2011-2013 Bodeau-Livinec et
al, 2016
Washington, DC Mothers and
children
Community Water 1997-2011 Edwards, 2013
Montreal, Quebec,
Canada
Children (298)
aged 1-5 years
Community Water 2009-2010 Ngueta et al., 2016
Glasglow, Scotland Mothers (1726)
who gave birth to
a live child in the
18 months prior to
the study
Community Water 1981-1993 Watt et al., 2000
Edinburgh,
Scotland
Families (207)
previously
included in the
Edinburgh lead
study
Community Water 1983-1993 Macintyre et al.,
1998
Flint, Michigan Children (1473) Community Water 2013-2015 Hanna-Attisha et
al., 2015
France Children (484)
aged 6 months to 6
years
Community Water 2008-2009 Etchevers et al.,
2015
Montreal, Quebec,
Canada
Children (306) Community Water 2009-2010 Levallois et al.,
2014
Washington, DC Children aged 1-3
years
Community Water 2001-2003 Edwards et al.,
2009
Hamburg,
Germany
Non-smoking
young women
(248)
Community Water 1999 Fertman et al.,
2004
Rochester, New
York
Children (276)
aged 6 months to 2
years
Community Water 1996-1998 Lanphear et al,
2002
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Additionally, six papers did not measure blood lead but instead used measured water
lead data to predict what blood lead levels might be expected. Five predicted an in-
crease in blood lead levels (BLLs) or the incidence of elevated BLLs (>5 µg/dL) from
consuming lead-contaminated water. One concluded that lead-contaminated water did
not result in an increase in the incidence of elevated BLLs, but only assessed the con-
tribution from drinking water in schools speciﬁcally. Of these six papers, ﬁve used the
EPA's IEUBK model and one used the International Commission for Radiation Protec-
tion (ICRP) model adapted for lead exposure. Every study that used the IEUBK model
adjusted for these background sources of lead exposure using previously measured values
or the default values provided by the EPA.
3.2 Objective 2: Field Study Results
Our total sample size was 23 households. One household was removed due to having a
water lead level more than three standard deviations away from the mean. As a result,
22 households were included in the following analysis.
3.2.1 Participant Characteristics
Approximately 76 percent of participants reported their child as Caucasian (Table 4),
and 81 percent of the children tested were male. Most of the mothers had some type
of graduate education (e.g. Master's degree, doctoral degree, etc.). Approximately 82
percent of participants owned their home, and 50 percent reported that their home was
built prior to 1988. Only 55 percent of participants had a child that was placed in day care
within the past week. A majority of participants reported using ﬁlters (e.g. Britta ﬁlter,
carbon ﬁlter, or fridge ﬁlter) before drinking their water. No parents reported behaviors,
such as occupational exposure to lead or use of cigarettes or electronic cigarettes, that
would put their child at risk for increased lead exposure.
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Table 4: Blood lead levels by selected sociodemographic, parental, and environmental
characteristics
Characteristic n (%) GM Blood lead level (μg/dL) p -Valuea
Child-related
Sex
Male 18 (81) 0.364
0.223
Female 4 (19) 0.244
Age (years)
1-4 5 (23) 0.467
0.195
4-7 17 (77) 0.308
Ethnicity
Black 2 (9) 0.341
0.767
Not Black 20 (91) 0.316
Frequency of day care attendance (days/week)
0 10 (45) 0.350
0.194
1-2 1 (5) 0.911
3-4 2 (9) 0.387
5 9 (41) 0.284
Parental
Home ownership status
Own 18 (82) 0.303
0.137
Rent 4 (18) 0.560
Mother's working status
Working 16 (73) 0.317
0.470
Not Working 6 (27) 0.406
Mother's education level
Some College/Other 4 (18) 0.551
0.289Undergraduate 4 (18) 0.351
Graduate 14 (64) 0.291
Environmental
Home built prior to 1988
Yes 11 (50) 0.354
0.495
No 11 (50) 0.325
Use of any ﬁlterb
Yes 14 (64) 0.298
0.286
No 8 (36) 0.425
Abbreviations: GM, geometric mean
asigniﬁcance tested using student's t-test and ANOVA
be.g. Britta ﬁlter, carbon ﬁlter, or fridge ﬁlter
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Table 5: Measured lead levels in blood, water, and dust
n Min P25 P50 P75 Max AM GM
Blood (μg/dL) 22 0.200 0.200 0.285 0.494 0.972 0.402 0.338
Water (μg/L) 46 0.100 0.859 1.64 5.50 42.9 4.74 1.94
Floor Lead Loading (μg/ft2) 50 0.00371 0.0374 0.0603 0.0939 2.66 0.190 0.0667
Windowsill Lead Loading (μg/ft2) 21 0.0698 0.270 0.788 .998 29.9 3.23 0.752
Window Trough Lead Loading(μg/ft2) 11 0.367 2.57 3.11 5.29 8.50 3.71 3.25
Abbreviations: Pb, lead; AM, arithmetic mean; GM, geometric mean
Table 6: Distribution of the Cumulative Water Lead Exposure Index (CWLEI)
n Mina P25 P50 P75 Max AM SD
CWLEI (μg/kg) 22 0 0.181 1.03 3.54 16.8 2.92 4.26
Abbreviations: AM, arithmetic mean; SD, standard deviation
aTap water intake reported at 0%
3.2.2 Sample Results
Twelve blood samples had non-detectable levels of lead (< 0.4 µg/dL). The geometric
mean blood lead level for the study sample was 0.338 μg/dL (Table 5). No children
had a blood lead level above the CDC Blood Lead Reference Level of Concern of 5
μg/L. The geometric mean water lead level was 1.97 μg/L for a stagnant water sample.
Approximately 14 percent of households had at least one water sample that exceeded
the EPA action level of 15 μg/L. No household had a ﬂoor or window sill sample that
exceeded the EPA lead loading standards of 40 μg/ft2 for ﬂoors and 250 μg/ft2 for window
sills respectively (Table 4). The mean CWLEI value (expressed in μg Pb/kg body weight)
was 2.92 μg/kg (Table 6).
3.2.3 Bivariate Analysis Results
There were no signiﬁcant diﬀerences in measured blood lead levels across any character-
istic level (Table 4).
3.2.4 Regression Analysis Results
Measured blood lead levels increased with CWLEI, although this relationship was in-
signiﬁcant (p=0.663); Table 7.
A one unit increase in CWLEI was associated with a 0.0134 μg/dL increase in log
transformed blood lead, or a 1.34 percent increase in blood lead levels. Since the CWLEI
represents the 150 days of repeat exposure prior to testing, a one unit increase corresponds
to 0.007 μg/kg body weight per day. Using the water intake parameters used in the
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Table 7: Ordinary Least Squares Regression Results
Parameter Coeﬃcient Standard Error p-Value 0.025 0.975
Intercept -0.504 0.359 0.179 -1.26 0.254
CWLEI/BW 0.0134 0.030 0.663 -0.050 0.077
ln (Lead Loading) 0.0836 0.090 0.364 -0.106 0.273
Age Group -0.591 0.319 0.081 -1.26 0.082
Sex -0.636 0.339 0.078 -1.35 0.079
IEUBK model (0.742 L and 1 L), as well as the average weights for each age group in
our sample population (11.1 kg and 21 kg), this translates into a 1.34 percent increase in
blood lead levels for increases of 0.105 μg/L (0.007 μg/kg / .0668 L/kg/day) and 0.147
μg/L in the water lead concentration for the 1-4 and 4-7 age groups respectively.
Blood lead also decreased from the younger age group to the older age group, as well
as from males to females, at a marginally signiﬁcant level (p<0.1).
3.3 IEUBK Analysis Results
The geometric mean predicted blood lead level for the study sample was 1.30 μg/dL
(Figure 2), and the mean squared error (MSE) was 2.74. The IEUBK Model over-
predicted each blood lead measurement by approximately 0.592 μg/dL on average.
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Figure 2: IEUBK Predicted Blood Lead Levels vs. Measured Blood Lead Levels
Error bars represent diﬀerences in blood lead predictions using the 5th annd 95th percentiles for dust
loading values. Points with no error bars represent no diﬀerences in the IEUBK predictions when using
the 5th, 50th, or 95th percentile for dust loading values. A point that falls along the 45 degree dotted
line represents a perfect prediction for the IEUBK Model.
Zeroing out other parameters for environmental lead other than air, dust, and water
gave slightly better predictions, with an MSE of 2.24 (Figure 3).
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Figure 3: IEUBK Predicted Blood Lead Levels Using Only Water, Dust, and Air Lead
vs. Measured Blood Lead Levels
Error bars represent diﬀerences in blood lead predictions using the 5th annd 95th percentiles for dust
loading values. Points with no error bars represent no diﬀerences in the IEUBK predictions when using
the 5th, 50th, or 95th percentile for dust loading values. A point that falls along the 45 degree dotted
line represents a perfect prediction for the IEUBK Model.
4 Discussion
In this study, we characterized the relationship between lead in private well water and
children's blood lead levels through (1) literature review, (2) ﬁeld study of the relationship
between drinking lead-contaminated water from private wells and blood lead levels of
children under age 7, and (3) assessment of the IEUBK Model's accuracy based on our
ﬁeld study results. Our results show that lead exposure through private well water
consumpiton and dust is an important contributor to children's blood lead levels.
4.1 Objective 1: Systematic Literature Review
Our systematic literature review found a gap in the literature in assessing the relationship
between children that are exposed to lead through drinking private well water and their
blood lead levels. Eleven papers directly measured water lead and blood lead and found
a statistically signiﬁcant relationship between them. However, only one paper considered
well water as a potential exposure source and found a statistically signiﬁcant relationship
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in mothers only[23]. It is important to note that this study was conducted in Benin and
is not representative of the potential risks that children could see here in the United
States due to diﬀerent environmental and dietary factors. Bodeau-Livinec et al.'s study
was conducted in a semi-rural area, which are not as exposed to lead as urban areas.
Along with this, piped water and consumption of animals killed with lead-containing
ammunition were shown to be signiﬁcant predictors of blood lead in their study, which
exposure pathways that are unlikely to be seen in a developed country such as the United
States.
To our knowledge, there have been no previous systematic reviews on the association
between water lead levels and blood lead levels. However, results from this review are
similar to those from previously conducted non-systematic literature reviews on lead
exposure. The Agency for Toxic Substances and Disease Registry's review in 2007 noted
water lead levels can contribute to blood lead levels measured in children [44]. Studies
that found high variability in the predicted correlations between blood lead levels, soil,
and dust also suggested that water is a contributing factor in blood lead levels [44].
4.2 Objective 2: Field Study
The geometric mean blood lead level (BLL) of our sample was 0.338 ug/dL. This value
is much lower than the one found in Ngueta's study (1.3 ug/dL), as well as the CDC's
average BLL reported for children aged 1-5 between 2007 and 2010 (1.3 ug/dL)[28].
Our GM BLL may be lower due to most of our sample consisting of Caucasian children
with highly educated mothers, which are factors that have been shown to contribute
to decreased BLLs [45, 46]. Along with this, environmental exposures to lead may be
diﬀerent since Ngueta's study was conducted in Montreal, Canada [28].
We used the cumulative water lead exposure index (CWLEI) as developed by Ngueta
et al. to investigate the relationship between water lead concentrations in private wells
and children's blood lead levels [28]. This was done through a regression model that
also accounted for household dust lead and the child's age and gender. We found that
the CWLEI was insigniﬁcant in our regression model(p=0.663). Our study found that
increases of 0.105 ug/L and 0.147 ug/L in water lead concentration led to a 1.34 percent
increase in BLLs for the 1-4 and 4-7 age groups respectively. Ngueta et al.'s study found
a statistically signiﬁcant relationship between CWLEI and BLLs and saw a 35 percent
increase in BLLs for every 1 ug/L increase in water lead concentration for their sample
[28]. This diﬀerence may be because most of our sample population drank ﬁltered water
or water from a fridge dispenser. Lead exposure through these sources was not captured
by our water lead measurements or regression model and could lead to substantial over-
estimates in our CWLEI calculations. Future research should make sure to account for
the use of pitcher ﬁlters or for household water use that does not occur at the tap.
4.3 Objective 3: IEUBK Assessment
We assessed the accuracy of the IEUBK Model based on our ﬁeld study results. In
general, we found that there was a systematic overestimation when using default IEUBK
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parameters in conjunction with measured lead concentrations in water, dust, and air. The
IEUBK Model overestimated BLLs by 0.592 ug/dL on average. Previous evaluations of
the IEUBK Model have also found similar results. Two studies have found that the
IEUBK Model overestimated the geometric mean BLL of their population[48, 49]. Along
with this, Cornelis et al. found that the IEUBK Model overestimated measured BLLs
by 0.8 to 1.8 ug/dL [47].
Zeroing out sources of environmental lead that we did not directly measure (e.g. dietary
or soil lead) improved the IEUBK predictions slightly. However, the IEUBK Model
predicted that 3 children would have a BLL of 0 ug/dL under this scenario, even when
accounting for environmental lead exposure from water and dust. This could signify a
need to update the default parameters of the IEUBK Model, as the last update occurred
in 2011. Decreases in lead concentrations in soil and dust over the past decade have
increased the relative contribution of water lead in children's total lead intake in the
United States[50]. The IEUBK Model's default input parameters might need to be
updated to reﬂect this in order to provide as accurate BLL predictions as possible.
4.4 Limitations
Limitations of the ﬁeld study include that there has been diﬃculty in recruiting partici-
pants from our target population. This limits the generalizability of our results as most
of our current sample population is Caucasian and highly educated. Our small sample
size also limits the statistical signiﬁcance of our regression model. Along with this, our
water collection protocol and regression model did not account for the use of pitcher
ﬁlters or fridge dispensers, which can lead to inaccurate CWLEI estimates. However, our
study still found a positive trend between CWLEI and BLLs and will continue to recruit
research participants to increase the statistical power.
Our IEUBK Model parameters did not have relevant measurements for maternal, di-
etary, and soil lead concentrations. Dietary and soil lead concentrations came from other
studies that could have diﬀerent values than what is seen in North Carolina. However,
this further emphasizes the need to update the default parameters, as many studies and
risk assessments will not have this information readily available.
5 Conclusion
This study is the ﬁrst of its kind to investigate the health eﬀects of drinking water
contaminated with lead from private wells. We found a gap in the literature in assessing
the relationship between drinking lead-contaminated private well water and children's
blood lead levels. The ﬁeld study yielded a statistically insigniﬁcant association between
water lead concentration in private well water and blood lead levels in children aged 1-7
years old (n=22). Our regression model found that a 1.34% increase in blood lead levels
would occur for increases of 0.105 ug/L and 0.147 ug/L increase in water lead levels
for children aged 1-4 and 4-7 respectively. The EPA's IEUBK model overestimated
many children's blood lead levels when using the default parameters in conjunction with
measured water lead and dust lead. The IEUBK Model's default input parameters might
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need to be updated to reﬂect the increased contribution that water lead has had in
children's total lead exposure in the United States.
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6 Supporting Information Available
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Table 8: Description and justiﬁcation of IEUBK parameters (adapted from Deshommes
and Prevost, 2012)
Age Category (years) 0-1 1-2 2-3 3-4 4-5 5-6 6-7 Justiﬁcation
W
a
te
r Drinking water intake - L/d 0.742 0.91 0.91 0.91 1 1 1 Beausoleil and Brodeur
(2007), Jones et al.
(2006)
Absorption fraction (ABA) - % 50% Default IEUBK
Total Pb concentration in tap water - μg Pb/L Average water concentration of household Average values from
measured
concentrations
D
u
st
/
S
o
il
Soil + dust intake - g/d 0.085 0.135 0.135 0.135 0.100 0.090 0.085 Default IEUBK
Soil/Dust ingestion weighting factor - % soil 40 Default IEUBK
Soil concentration - μg Pb/g 33.78 Rasmussen et al. (2001)
Soil absorption fraction (ABA) - % 30 Default IEUBK
Dust concentration - - μg Pb/g Average dust concentration of household Average values from
measured
concentrations
Dust absorption fraction (ABA) - % 30 Rasmussen et al. (2011)
values, adjusted with
the in vivo-in vitro
relationship by Drexler
and Brattin (2007)
A
ir
Indoor Pb concentration - % outdoor 100 Default IEUBK
batchrun mode
Time spent outdoors - hr/d 0 Default IEUBK
batchrun mode
Outdoor air Pb concentration - μg Pb/m3 0.00319 EPA Monitor Values
Report - Hazardous Air
Polutants
Ventilation Rate - m3/d 2 3 5 5 5 7 7 Default IEUBK
Lung absorption - % 32 Default IEUBK
O
th
er Dietary Pb intake - μg Pb/d 2.26 1.96 2.13 2.04 1.95 2.05 2.22 Default IEUBK
Maternal BLL - μg Pb/dL 1 Default IEUBK
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3Introduction
Purpose of Study
The Lead, Hexavalent Chromium, and Other Toxic Metals in North 
Carolina Private Wells is a study aiming to inform about toxic metals in 
private well water in North Carolina and how they correlate to children’s 
blood lead levels. It is primarily focused on children from households that 
rely primarily on private well water located in extraterritorial jurisdictions 
in Wake and Gaston counties.
Study Population
This study is currently recruiting 60 children as part of an initial cohort 
from the previously stated areas. However, funding from additional grants 
has been confirmed for recruiting an additional 300 households to take part 
in the study. 
Study Activities and Focus of Field Manual
In order to do this, blood must be collected from each child. Along with this,
environmental samples (e.g. dust and water) must be collected from the 
household. A household questionnaire will also be administered with the use
of the mWater Surveyor application available for Android smartphones. In 
our current protocol, we have a registered phlebotomist that will collect the
blood samples from the child. Your job, and the focus of this field manual, 
will be to prep for the materials for each household, collect and document 
the environmental samples, and administer the household questionnaire.
4Preparation
 Prior to the visits, households should have already been scheduled for 
blood and environmental sample collection. Currently, we have been 
scheduling between 4 to 5 households per weekend. However, 
potential “back-ups” could also be scheduled for those days as we 
have experienced dropouts on the actual day. 
 Download the mWater Surveyor app for Android smartphones. It is 
currently not available on iPhones.
 Have the following items available for each household:
◦ 2 Parental Permission and Consent forms (one for the parents to 
sign and one for them to keep)
◦ One water sampling collection form to leave with the household
◦ One gift card and one gift card receipt acknowledgement form
◦ RTI Chain of Custody form
 The following table contains the materials needed for each household.
5Materials List
 
Item Description
Quan
tity 
per 
Hous
e
Cost 
Per 
Child
Where to 
Purchase Link
Environm
ental
Sample
Collection
250 mL 
water sample
collection 
bottles
for water 
samples 2 RTI International
125 mL 
water sample
collection 
bottles
for dust 
samples 5 Fisher Scientific
Ghost wipes 5 RTI International
Handled 
bags for 
research 
participants 
to hang their 
samples in 
from door 
knob
e.g. 
plastic 
bags 
from 
walmart
1 0
Latex gloves 
2x Latex 
Gloves, 
Powder 
Free, 
Medium 
Size 100 
Gloves 
Per Box
2 $0.76Amazon https://www.amazon.com/Latex-Gloves-Powder-Free-Medium/dp/B000F38JTQ?th=1
6Field 
portable 
sensors 
For pH, 
temperat
ure, 
alkalinity
Tape 
measurer for 
measuring 
out areas for 
dust 
sampling 
1 0
Blue tape for 
measuring 
out areas for 
dust 
sampling
Duck 
Clean 
Release 
Painter's 
Tape, 
0.94" x 
60 yds, 
3" Core, 
Blue, 24 
per pack
1 $0.05Walmart
Blood
Sample
Collection
2x2 Gauze 
Sponge, 
Nonsterile
4 $0.21Fisher Scientific https://www.walmart.com/ip/Duck-Clean-Release-Painter-s-Tape-0-94-x-60-yds-3-Core-Blue-24-per-pack/17510800
Alcohol Prep 4 $0.07Fisher Scientific
Cartoon 
Band-aids for
children 
2 x 
Despicabl
e Me 
Bandages
3/4x3 
100 per 
box
2 $0.10Amazon
https://www.amazon.com/Despicable-Bandages-4x3-100-
box/dp/B00DQSWUY2/ref=sr_1_1_s_it?
s=hpc&ie=UTF8&qid=1527293454&sr=1-
1&keywords=Despicable+Me+Bandages+3%2F4x3+100
+per+box
Vacutainer 4 $3.51Fisher Scientific
7suction 
Vacutainer 
push button 
blood 
collection set
25G
1 $0.84Fisher Scientific
Vacutainer 
Latex-Free 
Tourniquet, 
Single Use
1
Cooler for 
blood 
samples
1 RTI International
Rack for 
blood sample
tubes
1x(size) 1
Biowaste 
container
ICE 1 0
Latex gloves 
(size 
medium)
2 x Latex
Gloves, 
Powder 
Free, 
Medium 
Size 100 
Gloves 
Per Box
4
Price 
accoun
ted for
Amazon https://www.amazon.com/Latex-Gloves-Powder-Free-Medium/dp/B000F38JTQ?th=1
Paperwor
k
Gift card 
receipt form 1 0
water 
sampling 
form/instructi
ons
1 0
8parental 
permission/c
onsent form
1 0
RTI chain of 
custody form 1 0
household 
survey 1 0
Notes for 
dust 
sampling 
locations 
(size, 
location, ID, 
number, etc.)
Participan
t Fees
Orange/
Apple juice 
for children
4 x Apple
& Eve 
Juice 
Variety 
Pack 
(6.75 oz. 
ea., 36 
ct.) 
2 $0.60Sam’s Club
https://www.samsclub.com/sams/apple-eve-juice-box-
variety-36-6-75-oz/
154950.ip;jsessionid=B18C85FF0410200F45F0FFDA6DF8
AF95.estoreapp-44277244-38-353313961?
navAction=push
Goldfish or 
other snacks 
for children
4 x 
Pepperid
ge Farm 
Goldish 
Snack 
Packs, 
Cheddar 
(1.5 oz., 
30 pk.) 
2 $0.67Sam’s Club https://www.samsclub.com/sams/goldfish-30-ct-30-ct/prod17870187.ip?xid=plp:product:1:1
Stuffed 
animals for 
1 pk, 50 
ct.
1 $0.02 Amazon
9children
Gift cards
Barcodes
for 
samples
1
https://www.amazon.com/IntelliScanner-Asset-Tags-Pre-
Printed-Barcode/dp/B00451DS2W/ref=sr_1_cc_1?
s=aps&ie=UTF8&qid=1527772698&sr=1-1-
catcorr&keywords=intelliscanner&th=1
Follow Up
Survey
Bar Code 
stickers
Barcode 
Scanner n $0 
Bar Code 
reader app
mWater 
app that 
has our 
survey 
and 
environm
ental 
data 
stored. 
Via 
gmail.
n $0 
https://
portal.mwater.c
o    
https://portal.mwater.co/#/dashboards/
b5a55724ff12466f82c0572d3cdc3103
mWater 
Surveyor App
https://www.amazon.com/Samsung-Express-Unlocked-
Display-Smartphone/dp/B078KN66TJ/ref=sr_1_5?
ie=UTF8&qid=1527772375&sr=8-
5&keywords=unlocked+android+samsung
Android 
Phone
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Household Visit Protocol
Household Checklist and Script
HOUSEHOLD ID: _________________________     DATE: 
___________________________
UNC PERSONNEL:
____________________________________________________________
During Testing
 Introduce the team and study purpose:
“Hello, my name is _____ and this is _____, ______, and ____.  We are from the 
UNC School of Public Health.
“We are performing a study to examine lead levels of private well water, 
children’s blood, and household surfaces. 
“We sincerely appreciate your participation in this study.  As you know, today 
we will collect water and dust samples from your house.  We also will 
collect a blood sample from your child. In return, you will receive all of the 
test results and a $100 gift card.
“Participation is completely voluntary.  You can change your mind at any time.
“May we have your consent to get started?”
 Read and request signature on consent form.
 Administer household questionnaire to the participating adult.
 Introduce nurse, collect blood sample (10mL).
 Provide snacks, stickers to child.
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 Collect five dust samples (see separate protocol):
 Entryway floor (near door the family uses most often to enter and exit 
the house)
 Floor in room child uses most often:  room=____________________--
 Floor in child’s bedroom
 Windowsill in child’s bedroom:  length=__________ inches, 
width=___________ inches
 Window trough in child’s bedroom:  length=__________ inches, 
width=___________ inches
 Provide water sample collection kit with instructions.  Say,
“A team member will return to collect the water samples tomorrow.  Please 
leave the samples hanging on your front door using the bag provided.”
 Check the pH and Temperature of the kitchen sink.
 Request signature on gift card log sheet, and provide gift card.  
 Thank the participant, ask if they have questions, and provide letter 
with Dr. Gibson’s contact information.
 Record how long the whole house visit took: ______ minutes
Before Testing
 Calibrate pH meter
12
 Check supply list; IF MISSING NECESSARY EQUIPMENT:
 Go to the UNC blood bank if items are on backorder
 Email Dr. Gibson and Frank Stillo
 Consult Frank Stillo and Robin Whitley to order additional 
supplies
 Make copies of 
 Gift card receipt form
 Water sampling form/instructions
 Parental permission/consent form
 RTI chain of custody form
 Household survey
After Testing
 Place blood samples in tube rack in cooler
 Scan all barcodes
 Update all survey information on the mWater surveyor app
 Dispose of all biowaste and waste products
Protocol for Blood Collection
Supplies: 
1. 6.0 mL BD Vacutainer K2 EDTA 10.8 mg #368661 (lavender
top)
Pretest:   
1. Gather supplies and cool the centrifuge to 4°C.   
2. Prior to any handling of supplies, put on gloves and run 
deionized water over the outside surfaces in a hand washing
motion for about 30 seconds to remove any mold release 
powder on the gloves.    
3. Set up lavender top vacutainers for RN, a sample rack on 
ice, a pipette set to 300 μL and tips.    
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4. Have the proper safety equipment available    
5. Label storage tubes for blood from lavender top tubes. 
Label with subject ID and indicate “EDTA blood” on the 
tube.    
6. Label storage tubes for plasma from lavender top tubes (3-
4). Label with subject ID and indicate “EDTA plasma” on the
tube.
Blood and plasma collection and handling:
Blood:
1. Ensure that gloves worn during the collection and handling 
steps have been DIW rinsed.
2. Collect 5-6 mL of blood without stasis in to lavender top 
tube.
3. Secure cap and invert 8 times 
4. Return tube to a sample rack on ice.
5. Refrigerate immediately.
Plasma:
1. Ensure that gloves worn during the collection and handling 
steps have been DIW rinsed.
2. Collect 5-6 mL of blood without stasis in to lavender top 
tube.
3. Secure cap and invert 8 times 
4. Return tube to a sample rack on ice.   
5. 15 min after transfer to lavender top tube, centrifuge at 
2500 rpm for 12 min.  
6. Aliquot plasma in 300 μL aliquots into the correct storage 
tubes.  
7. Freeze immediately.
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Protocol for Water Sampling   
Instructions for Collecting Your Water 
Sample
Please read carefully before collecting your sample.
To collect your water sample, please follow the instructions below.  Then, sign and 
date the form.  The research team will collect the sample tomorrow.  If you have 
any questions, please call Dr. Jackie MacDonald Gibson at 919-208-0816 or Frank 
Stillo at 704-608-4240. Results should be available within 30 days but may take up 
to 90 days due to lab queue. 
1. If you recently disinfected your well, be sure all chlorine is gone; the lab will 
not accept samples with chlorine. 
2. Select an indoor faucet, preferably your kitchen tap.  Avoid leaky faucets that
allow water to seep around the valve. 
3. It is important not to contaminate the sample bottles or their caps.  Keep the 
bottles closed until ready to use.  Do not touch the inside of the cap. 
4. Allow the water in your household to sit undisturbed in the water 
pipes for at least 6 hours (overnight is best). It is most important that 
you let the water stand in the pipes to allow for the most accurate results.  
This means not running any water within the house or using the toilets.
5. Turn on the cold water faucet, and immediately fill the sample collection 
bottle.  Please do not allow the water to run before filling the bottle.  Replace 
the bottle cap, being careful to close it tightly.
6. Date this form and indicate the time when you collected your sample, below.
7. Place the filled bottle and this form in a bag with handles.  Hang the bag on 
your front door knob or leave it on your front porch.  The research team will 
collect your sample tomorrow.  
SAMPLE COLLECTION DATE AND TIME: 
Date_________________________________ Time____________________________________ 
Sample ID ____________________________________________________ 
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Household Dust Sample Collection Protocol
Protocol for Floors
1. Place gloves on hands.
2. Measure 1 m x 1 m square, and mark with masking tape.
3. Open Ghost Wipe.  Swab over full marked area, avoiding 
contact with masking tape.
4. Place Ghost Wipe in labelled storage container (indicating 
household ID, room, and location within room).
Protocol for Windowsills
1. Place gloves on hands (if not done previously).
2. With window closed, measure length and width of 
windowsill, and record on household checklist.
3. Open Ghost Wipe.
4. Swab entire windowsill with Ghost Wipe.
5. Place Ghost Wipe in labelled storage container (indicating 
household ID, room, and location within room).
Protocol for Window Troughs
1. Place gloves on hands (if not done previously).
2. Open window.  Measure length and width of window trough,
and record on household checklist.
3. Open Ghost Wipe.
4. Swab entire window trough with Ghost Wipe.
5. Place Ghost Wipe in labelled storage container (indicating 
household ID, room, and location within room).
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Forms
Household Questionnaire
Name of Research Team Member:  
________________________________________________________
Household ID:  ___________________________
# Metadata Response options
1 Date
2 Address
3 Start Time
4 GPS coordinates (Lat)
5 GPS coordinates (Lon)
6 Home type ____Single-family home
____multi-family home/apartment
____Manufactured home/trailer
____Other:
Adult Respondent
7 What is your full name?
8 Gender of adult respondent _____Male
_____Female
_____Other:
9 Race/Ethnicity of adult respondent (mark all that 
apply)
_____Black
_____White
_____American Indian or Alaskan 
Native
_____Asian
_____Pacific Islander or Native 
Hawaiian
_____Hispanic Latino/a
_____Other:
_____Don't Know
_____Decline to state
10 How old are you (years)?
11 What is your relationship to [child]? _____Mother
_____Father
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_____Grandmother
_____Grandfather
_____Aunt
_____Uncle
_____Other:
12 Are you the child's primary caregiver? _____Yes
_____No
_____Don't Know
_____Decline to state
13 Are you currently working outside the home? _____Yes
_____No
_____Don't Know
_____Decline to state
14 What is your current occupation? ________
15 What is the highest level of education that you 
completed?
_____Never attended school
_____Primary school (Through 6th 
Grade)
_____Middle school (Through 8th 
Grade)
_____High school (Through 12th 
Grade)
_____Technical/vocational school
_____Associates Degree
_____4-year college/University 
Degree
_____ Graduate degree (e.g., M.D., 
J.D., Ph.D.)
16 How long have you lived at this address (years)?
17 What is your main source of water in this home? _____Piped network
_____Private well
_____Other:
18 When was this well constructed (year)?
19 How deep is this well (feet)?
20 Does this house have a septic system or 
municipal sewer connection?
_____Sewer
_____Septic
_____Other:
21 Do you drink tap water when you are at home? _____Yes
_____No
_____Don't Know
_____Decline to state
22 The last time you drank water at home, was it 
from the tap?
_____Yes
_____No
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_____Don't Know
_____Decline to state
23 What % of the time do you drink tap water when 
you are at home (vs water from another source)
24 Do you own or rent this home? _____Own
_____Rent
_____Other:
25 When was this home built (year)?
Only ask Q 26 if the answer to Q13 was “Yes”
26 Are you exposed to lead at your job? Yes
No
Don't Know
27 [Refer to dust collection site near entrance to 
home]: When was the last time this area was 
cleaned? (days ago)
28 [Refer to dust collection site near entrance to 
home]: What cleaning method was used the last 
time this area was cleaned? (mark all that apply)
_____Sweep
_____Vacuum
_____Mop
_____Swiffer
_____Clean with rag or paper towel
_____Other:
29 [Refer to dust collection site in child's room/area]:
When was the last time this area was cleaned? 
(days ago)
30 [Refer to dust collection site in child's area]: What
cleaning method was used the last time this area 
was cleaned? (mark all that apply)
_____Sweep
_____Vacuum
_____Mop
_____Swiffer
_____Clean with rag or paper towel
_____Other:
31 [Refer to other dust collection site where child 
spends time]: When was the last time this area 
was cleaned? (days ago)
32 [Refer to other dust collection site where child 
spends time]: What cleaning method was used 
the last time this area was cleaned? (mark all 
that apply)
_____Sweep
_____Vacuum
_____Mop
_____Swiffer
_____Clean with rag or paper towel
_____Other:
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Only answer Q33-35 if the survey respondent is not the child’s mother
Child's Mother (If different from 
Respondent)
33 Is the child's mother currently working? _____Yes
_____No
_____Don't Know
_____Decline to state
34 What is [child's] mother's current occupation?
35 What is the highest level of education that 
[child's] mother completed?
_____Never attended school
_____Primary school (Through 6th 
Grade)
_____Middle school (Through 8th 
Grade)
_____High school (Through 12th 
Grade)
_____Technical/vocational school
_____Associates Degree
_____4-year college/University 
Degree
_____ Graduate degree (e.g., M.D., 
J.D., Ph.D.)
Child Characteristics
36 Name of [child]
37 Gender of [child] _____Male
_____Female
_____Other:
38 Child’s birth date (month, day, year)
39 Was [child] in school last year? _____Yes
_____No
_____Don't Know
_____Decline to state
Only answer Q40 if the answer to Q39 was “Yes”
40 Name of school [child] attends
41 Was [child] in day care outside the home last 
week?
_____Yes
_____No
_____Don't Know
_____Decline to state
Only answer Q42 if the answer to Q41 was “Yes”
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42 How many days per week was [child] in day care 
outside the home last week?
43 How long has child lived in this home? (months)
44 Does [Child] stay at this home every day of the 
week?
_____Yes
_____No
_____Don't Know
_____Decline to state
45 How many days per week does child stay at this 
home?
46 Race/Ethnicity of [child] (mark all that apply) _____Black
_____White
_____American Indian or Alaskan 
Native
_____Asian
_____Pacific Islander or Native 
Hawaiian
_____Hispanic Latino/a
_____Other:
_____Don't Know
_____Decline to state
47 Was [child] ever breastfed? _____Yes
_____No
_____Don't Know
_____Decline to state
Only answer Q48 if the answer to Q47 was “Yes”
48 For how long was [child] breastfed? (Months)
49 Does [Child] drink tap water when [child] is at 
home?
_____Yes
_____No
_____Don't Know
_____Decline to state
50 The last time [child] drank water at home, was it 
from the tap?
_____Yes
_____No
_____Don't Know
_____Decline to state
51 What % of the time does [child] drink tap water 
when [child] is at home (vs water from another 
source)
Household
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52 Does anyone in this household smoke cigarettes? _____Yes
_____No
_____Don't Know
_____Decline to state
53 Does anyone in this household smoke cigarettes 
inside the home?
_____Yes
_____No
_____Don't Know
_____Decline to state
54 How many packs per day do people in this 
household smoke?
55 Does anyone in this household smoke electronic 
cigarettes?
_____Yes
_____No
_____Don't Know
_____Decline to state
Environmental Sampling
56 Floor dust sample ID
57 Windowsill sample ID
58 Paint sample collected? _____Yes
_____No
_____N/A
Only answer Q48 if the answer to Q47 was “Yes”
59 Paint sample ID
60 Water sample collected? _____Yes
_____No
_____N/A
61 Water sample ID
62 Water temperature (C) 
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Gift Card Receipts
Gift Card Reciept
Date
Number
Amount $
Descripti
on
Blood Draw Project
Received 
by
Print
Sign
Gift Card Reciept
Date
Number
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Amount $
Descripti
on
Blood Draw Project
Received 
by
Print
Sign
Gift Card Reciept
Date
Number
Amount $
Descripti
on
Blood Draw Project
Received 
by
Print
Sign
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Water Lead and Childhood Lead Exposure Study
Gift Card Receipt Acknowledgement
I confirm that I have received a gift card in the amount of $________ for participating 
in the study of lead in drinking water and children’s health organized by the 
University of North Carolina, Chapel Hill.
Address:  ______________________________________________________________________
Printed name:  _________________________________________________________________
Signature:  ____________________________________________________________________
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Date:  _______________________
University of North Carolina at Chapel Hill
Parental Permission and Consent for a Minor Child to Participate in 
a Research Study 
Consent Form Version Date: 08/10/2017
IRB Study # 16-2936
Title of Study: Lead, Hexavalent Chromium, and Other Toxic Metals in 
North Carolina Private Wells
Principal Investigator: Jacqueline MacDonald Gibson and Frank Stillo III
Principal Investigator Department: Environmental Sciences and 
Engineering
Principal Investigator Phone number: 919-966-7892; 919-962-5723
Principal Investigator Email Address: Jackie.macdonald@unc.edu; 
fjstillo@ehs.unc.edu 
Faculty Advisor: Jacqueline MacDonald Gibson
Faculty Advisor Contact Information: (919) 966-7892
Funding Source and/or Sponsor: Research Triangle Institute; NCSU 
Water Resources Research Institute (WRRI)
What are some general things you and your child should know about 
research studies?
You are being asked to allow both you and your child to take part in a 
research study. Joining the study is voluntary.  You may decide to not allow 
you or your child to participate, or you may withdraw your permission for 
you or your child to be in the study, for any reason, without penalty. Even if 
you give your permission, your child can decide not to be in the study or to 
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leave the study early. 
Research studies are designed to obtain new knowledge. This new 
information may help people in the future. Your child may not receive any 
direct benefit from being in the research study. There also may be risks to 
being in research studies. Deciding not to be in the study or leaving the 
study before it is done will not affect you or your child's relationship with 
the researcher or the University of North Carolina-Chapel Hill.  
Details about this study are discussed below. It is important that you and 
your child understand this information so that you and your child can make 
an informed choice about being in this research study.
You will be given a copy of this consent form. You and your child should ask 
the researchers named above, or staff members who may assist them, any 
questions you have about this study at any time.
What is the purpose of this study?
The purpose of this research study is to inform you about toxic metals in 
private well water and children’s blood lead levels. Participants are being 
invited from households located in the extra territorial jurisdictions (ETJs) 
of Wake County and Gaston County, NC, who obtain their water from a 
private well. Your child is being asked to be in the study because the 
researchers are studying the relationship between private well water 
quality and children’s blood lead.  Lead exposure is especially harmful for 
children under 7 years old. 
Are there any reasons your child should not be in this study?
Your child should not be in this study if you get your drinking water from a 
city water supply or drink mainly bottled water or if your child is seven 
years of age or older.
How many people will take part in this study?
There will be approximately 60 people in this research study.
How long will your child’s part in this study last? 
For this study, your child’s active involvement will only include the time it 
takes to drive to a satellite nursing station and to give blood. We estimate 
the total time to be about 1 hour. Once your child’s blood specimen is tested
for lead, it will be destroyed. 
Additionally, your involvement for water testing will be to follow the 
instructions on the water testing kit provided by our research team. Water 
sampling will be done from your kitchen tap and should take about five 
minutes or less. Researchers will pick up your results on the morning after 
we deliver the testing kit or bring it the morning of blood testing.
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Water and blood testing results will be mailed to you within about one 
month of sample collection. We will provide you with information about how
to interpret the water and blood lead test results and what to do if you are 
concerned about these results. 
What will happen if you or your child takes part in the study?
We are targeting residents of Wake and Gaston counties who get their 
drinking water from private wells. We plan to recruit 60 households to 
participate.  If you agree to participate, we will collect a tap water sample 
from your kitchen sink and will test it for lead, hexavalent chromium, and 
other toxic metals.  We will also collect a blood sample to test your child’s 
blood for lead. 
No special preparations are needed for these tests. It may help to have your 
child wear a T-shirt or short-sleeved shirt on the day of the test. 
A registered nurse will draw the blood from a vein. Beforehand, the skin 
surface will be cleaned with antiseptic, and an elastic band (tourniquet) will 
be placed around the upper arm to apply pressure and cause the veins to 
swell with blood. A needle will be inserted into a vein (usually in the arm 
inside of the elbow or on the back of the hand), and approximately one 
teaspoon of blood will be withdrawn and collected in a vial or syringe.
Specimens will be stored at the laboratories of RTI International until testing 
(up to two weeks) and then destroyed. 
What are the possible benefits from being in this study?
Research is designed to benefit society by gaining new knowledge. The 
benefits to your child from being in this study will include receiving a free 
blood lead test that could potentially detect elevated blood lead levels 
associated with negative health outcomes.  In addition, your household tap 
water will be tested for lead, hexavalent chromium, and other toxic metals. 
What are the possible risks or discomforts involved from being in 
this study?
There may be uncommon or previously unknown risks. You should report 
any problems to the researcher. Collecting a sample of blood is only 
temporarily uncomfortable and can feel like a quick pinprick. Afterward, 
there may be some mild bruising, which should go away in a few days.
What if we learn about new findings or information during the 
study? 
You and your child will be given any new information gained during the 
course of the study that might affect your willingness to continue your 
child’s participation in the study.
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How will information about you and your child be protected?
Participants will not be identified in any report or publication about this 
study. Although every effort will be made to keep research records private, 
there may be times when federal or state law requires the disclosure of 
such records, including personal information. This is very unlikely, but if 
disclosure is ever required, UNC-Chapel Hill will take steps allowable by 
law to protect the privacy of personal information. In some cases, your 
child’s information in this research study could be reviewed by 
representatives of the University, research sponsors, or government 
agencies (for example, the FDA) for purposes such as quality control or 
safety.
All data will be coded on a secure computer without access to internet and 
kept in a locked room with access only to project personnel. All data will be 
delinked from personal information (i.e. names and addresses) and given a 
random identifying number. The key to the delinked dataset will be kept on 
another secure computer with access only by senior researchers.
What will happen if your child is injured by this research?
All research involves a chance that something bad might happen.  This may 
include the risk of personal injury. In spite of all safety measures, your child
might develop a reaction or injury from being in this study. If such problems
occur, the researchers will help your child get medical care, but any costs 
for the medical care will be billed to you and/or your insurance company. 
The University of North Carolina at Chapel Hill has not set aside funds to 
pay you for any such reactions or injuries, or for the related medical care. 
However, by signing this form, you and your child do not give up any of your
legal rights.
What if you or your child wants to stop before your child’s part in the
study is complete?
You can withdraw you or your child from this study at any time, without 
penalty. The investigators also have the right to stop you or your child’s 
participation at any time. This could be because your child has had an 
unexpected reaction, or has failed to follow instructions, or because the 
entire study has been stopped.
Will you or your child receive anything for being in this study?
Upon study completion, parents will receive a $100 gift card.
Will it cost you anything for you or your child to be in this study?
It will not cost anything to be in this study.
Who is sponsoring this study?
This research is funded by RTI International as part of the RTI University 
Scholars Program and the North Carolina State University Water Resources
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Research Institute.  This means that the research team is being paid by the 
sponsor for doing the study.  The researchers do not, however, have a direct
financial interest with the sponsor or in the final results of the study.
What if you or your child has questions about this study?
You and your child have the right to ask, and have answered, any questions 
you may have about this research. If there are questions about the study 
(including payments), complaints, concerns, or if a research-related injury 
occurs, contact the researchers listed on the first page of this form.
What if there are questions about you or your child’s rights as a 
research participant?
All research on human volunteers is reviewed by a committee that works to 
protect you and your child’s rights and welfare. If there are questions or 
concerns about you or your child’s rights as a research subject, or if you 
would like to obtain information or offer input, you may contact the 
Institutional Review Board at 919-966-3113 or by email to 
IRB_subjects@unc.edu.
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Parent’s Agreement: 
I have read the information provided above. I have asked all the questions I 
have at this time. I voluntarily give permission to allow my child to 
participate in this research study.
______________________________________________________
Printed Name of Research Participant (child)
 
______________________________________________________
Signature of Parent
____________________
Date
______________________________________________________
Printed Name of Parent
 
______________________________________________________
Signature of Research Team Member Obtaining 
Permission
____________________
Date
______________________________________________________
Printed Name of Research Team Member Obtaining 
Permission
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Sample Chain of Custody
CHAIN OF CUSTODY PAGE__1__of__1__
COMMUNITY SAMPLE ID /ADDRESS DATE TIME pH
MATRI
X
PRESERVATI
VE
ANALYSIS
and
METHOD
COMMENTS
Sample Address 1
Water
05/19/18 Blood
05/19/18 Blood
05/19/18 Dust
05/19/18 Dust
05/19/18 Dust
05/19/18 Dust
05/19/18 Dust
Sample Address 2
Water
05/19/18 Blood
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05/19/18 Blood
05/19/18 Dust
05/19/18 Dust
05/19/18 Dust
05/19/18 Dust
05/19/18 Dust
COLLECTED/RELINQUISHED BY
(1):
DATE: TIME: RECEIVED BY: RECEIVED BY 
LABORATORY:
DATE: TIME:
COC SEAL:             INTACT      BROKEN    
ABSENT
COLLECTED/RELINQUISHED BY
(2):
DATE: TIME: SAMPLE RECEIPT TEMP (oC): 
CARRIER: TRACKING #:
NOTES:
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pH Sensor Calibration and Use:
Calibration:
1. Press and hold the MODE button until “CAL” is displayed on the secondary display. Release the button.
2. Place the electrode in pH 7.01. The meter will recognize the buffer value and then display “pH 4.01 USE”.
3. Rinse the electrode thoroughly to eliminate cross-contamination.
4. Place the electrode in the second buffer value (pH 4.01 or 10.01). When the second buffer is recognized, the LCD will 
display “OK 2” for one second and the meter will return to the normal measuring mode. The “CAL” symbol on the LCD 
means that the meter is calibrated. 
5. Rinse the electrode again to eliminate cross-contamination. 
If you would like to see a video on how to calibrate it, please search “How To Calibrate a Hanna pH Meter” or follow this 
link: 
https://www.youtube.com/watch?v=m3b09906Clw 
Use:
1. Select the pH mode with the SET/HOLD button.
2. Submerge the electrode in the solution to be tested.
3. The pH value automatically compensated for temperature is shown on the primary LCD while the secondary LCD shows
the temperature of the sample (°C).
4. The pH should be recorded when the stability symbol (looks like a small clock) on the top left of the LCD disappears. 
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Alkalinity Test Kit Use:
*Rinse equipment well before switching between high and low range alkalinity testing.*
*The high and low range of alkalinity readings are calculated differently. Please read instructions carefully*
Testing the High Range of Alkalinity:
1. Fill the plastic measuring tube level full with the water to be tested. Pour the water in the tube into the mixing bottle.
2.  Open the Phenolphthalein Indicator Powder Pillow. Add the contents of the willow to the mixing bottle and swirl to mix 
without spilling. 
3. If the water remains colorless after the addition of the phenolphthalein, the phenolphthalein alkalinity is zero. If this is 
the case, proceed to Step 5. If the water becomes pink, proceed to Step 4.
4. If the water becomes pink with the addition of phenolphthalein, add Sulfuric Acid Standard Solution drop-wise while 
swirling to mix after each drop. Count each drop. Continue to count and add drops until the water becomes colorless. 
5. Add the contents of one Bromcresol Green-Methyl Red Indicator Powder Pillow to the mixing bottle. The color will 
change to blue-green.
6. Continue the drop-count procedure, adding sulfuric acid while counting the drops and swirling to mix until the color 
changes to pink. 
Alkalinity Reading for High Range:
Phenolphthalein alkalinity in grains per gallon as calcium carbonate (CaCO3) is equal to the number of drops of sulfuric 
acid used in Step 4. To convert to milligrams per liter, multiply the g/g value by 17.
The total (methyl orange) alkalinity in g/g as CaCO3 is equal to the total number of sulfuric acid used in both Step 4 and 
Step 6. To convert to mg/L total alkalinity, multiply the g/g value by 17. 
Testing the Low Range of Alkalinity:
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1. Fill the mixing bottle to the 15-mL mark with the water to be tested.
2. Add the contents of one Phenolphthalein Indicator Powder Pillow and swirl to mix without spilling. 
3. If the water remains colorless, the phenolphthalein alkalinity is zero, proceed to Step 5. If the water becomes pink, 
proceed to Step 4. 
4. If the water becomes pink with the addition of phenolphthalein, add Sulfuric Acid Standard Solution drop-wise while 
swirling to mix after each drop. Count each drop. Continue adding and counting the drops until the water becomes 
colorless. 
5. Add the contents of one Bromcresol Green-Methyl Red Indicator Powder Pillow to the mixing bottle and swirl to mix. The
color will change to blue-green.
6. Continue the drop-count procedure, adding sulfuric acid while counting the drops and swirling to mix until the color 
changes to pink.
Alkalinity Reading for Low Range:
Phenolphthalein Alkalinity in grains per gallon as calcium carbonate (CaCO3) is found by dividing the number of drops of 
sulfuric acid used in Step 4 by 2.5. To convert to milligrams per liter alkalinity, multiply the g/g value by 17. 
The total (methyl-orange) alkalinity in g/g as CaCO3 is found by dividing the total number of drops of sulfuric acid used in 
both Step 4 and Step 6 by 2.5. To convert to mg/L total alkalinity, multiply the g/g value by 17. 

